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Description 

Background of the invention 

The present invention relates to an organic semiconductor electrolyte capacitor and a process for 

5 producing the same. More particularly, the invention relates to an improved process for forming an 
electrolyte layer of an organic semiconductor. 

Solid-electrolytic capacitors use an anode in a foil or block form made from a film-forming metal such 
as aluminum or tantalum. The anode is etched to increase its surface area or made porous by sintering a 
compact of fine particles. The anode surface is overlaid with a dielectric oxide film, which is further coated 

10 with an electrolyte layer connected to a conductive cathode extension. 

The prior solid-electrolyte layer is conventionally formed of manganese dioxide. Manganese dioxide 
solid-electrolyte is formed on the dielectric oxide film by impregnating the anode with a manganese nitrate 
solution and pyrolyzing the manganese nitrate into manganese dioxide at about 300°C. Only a small 
amount of manganese dioxide is deposited by one cycle of this process, and in order to provide the < 

is necessary deposit thickness, up to about 10 cycles or more must be repeated. This is disadvantageous not v 
only because an extremely complicated process is required but also because the dielectric oxide film is > 
deteriorated by the heat or gases produced during the pyrolysis of the manganese nitrate solution. 

A proposal has been made for replacing manganese dioxide by a semiconductive organic compound 
as the material of the electrolyte layer. Complex salts of 7,7,8,8 - tetracyanoquinodimethane (hereunder 

20 TCNQ) are currently known as organic electrolytes. The TCNQ complex salts are solid at room temperature 
and require special methods for depositing them on a capacitor element as the electrolyte. According to 
U.S. Patent No. 3,214,648, the anode is dipped in a solution having a TCNQ complex salt dissolved in an 
organic solvent, and after recovering the anode from the solution, the organic solvent is evaporated to 
disperse the TCNQ complex into a layer forming on the anode surface. However, the solvent used in this 

25 method has a low concentration of TCNQ complex salt and, as in the case of the manganese dioxide layer, 
up to about cycles of impregnation are required to deposit an acceptable thickness of the TCNQ complex 
salt layer. Therefore, the problem of process complexity still remains in the technique proposed by U.S. 
Patent No. 3,214,648. 

Japanese Patent Publication No. 32303/1976 proposes depositing on the anode surface a dispersion 

30 comprising a polymer compound and fine particles of a TCNQ complex salt. However, as in the method 
shown in U.S. Patent No. 3,214,648, the TCNQ complex salt is crystallized or dispersed in the crystalline 
state after evaporation of the solvent, and because of the incomplete contact between the complex salt and 
the dielectric oxide film on the anode (which has been etched to provide a complex and irregular surface 
profile), the desired electrostatic capacity is not obtainable between the anode and cathode. 

35 Another method has recently been proposed for depositing a TCNQ complex salt on the anode. This 
method consists of first heating the complex salt alone to a temperature higher than its melting point, then 
dipping the anode in the resulting melt, and recovering and cooling the anode. According to this method, 
the TCNQ complex deposited on the anode has such a high concentration that the desired amount of the 
TCNQ complex salt can be deposited by a single cycle of impregnation. However, the TCNQ complex salts 

40 are vulnerable to heat and many of them substantially preclude the application of this method since they 
are decomposed upon a very short period of heating above their melting points. For example, if isopropyl - 
isoquinolinium TCNQ complex (cf GB— A— 2113916) salt is heated above 200°C, it smokes before melting 
and decomposes to form an insulator. In order to avoid this problem, the impregnation step must be 
completed within a short time and followed by rapid cooling. However, such rapid treatments require a 

45 complex apparatus and are unable to achieve a high yield. A further problem is caused by the fact that after 
cooling, the TCNQ complex salt is crystallized and the resulting poor contact with the dielectric oxide film 
causes insufficient electrostatic capacitance. * 

Summary of the invention 

so The present invention has been accomplished in order to eliminate the above mentioned defects of the « 
prior art techniques by enabling the melting and impregnation of an isopropyl - isoquinolinium TCNQ 
complex salt, with a view to providing a solid-electrolyte capacitor having improved characteristics. 

According to the present invention, the step of impregnating the dielectric oxide film on the anode of a 
solid-electrolyte capacitor with a solid-electrolyte layer made of a TCNQ complex salt is not only simplified,- 

55 but the efficiency of this step is increased and the solid-electrolyte capacitor is provided with improved 
characteristics. 

The present invention is characterized by providing an organic semiconductor electrolyte made of a 
mixture of an isopropyl-isoquinoiinium TCNQ complex salt with one or more lactone compounds, heating 
the mixture to a temperature lower than the melting point or decomposition point of the isopropyl - 

60 isoquinolinium TCNQ complex salt so as to obtain a melt, dipping a capacitor element, in the melt, 
recovering the capacitor element from the melt, and cooling the element so that the desired organic 
semiconductor electrolyte layer solidifies on the element. The mixture of TCNQ complex salt and one or 
more lactone compounds turns to liquid at a temperature lower than the melting point of the TCNQ 
complex salt since a mixture of substances has a lower melting point (or freezing point) than any of the 

65 individual substances. More specifically, the isopropyl - isoquinolinium TCNQ complex salt has a melting 



2 



EP 0152 082 B1 

point since the TCNQ complex salt is a crystallinity substance. On the other hand, the mixture of an 
isopropyl - isoquinolinium TCNQ complex salt with one or more lactone compounds by heating and 
melting is amorphous and has not a melting point However, the mixture has a so-called "glass transition 
point" which is lower than the melting point of the TCNQ complex salt. 

6 

Brief description of the drawings 

Figure 1 is a perspective view of a capacitor element used in Examples described herein and which is 
partially unrolled to reveal its internal construction; 

Rgure 2 is a cross section of an apparatus for impregnating the capacitor element with an organic 
10 semiconductor electrolyte according to the present invention; 

Figure 3 is a cross section of capacitor according to the present invention; and 

Rgure 4 is a DTA chart for a TCNQ complex salt alone and a mixture thereof with y - butyrolactone 
which were both solidified by cooling molten samples. 

is Description of the preferred embodiments 

Rgure 1 illustrates the capacitor used in the Examples that follow of the present invention. The 
cylindrical capacitor element which is generally indicated at 1 is formed of a rolled electrode strip that is 
composed of an anode 2, a collector electrode 3 and a separator paper 4. The anode 2 is made of a 
high-purity aluminum foil which is etched to increase its surface area and which has a dielectric oxide film 
20 formed on its surface by anodization. The anode 2 is substantially coextensive with the collector electrode 
3, and the two electrodes are superimposed on each other with the separator paper 4, which is slightly 
wider than the electrodes, inserted therebetween. Tabs 5 and 6 are connected by welding or other suitable 
means to the anode 2 and collector electrode 3, respectively. These tabs extend vertically from one end of 
the capacitor element so as to provide electrical connections to external circuits. External leads 7 and 8 are 
25 bonded to the tips of these tabs. 

Rgure 2 illustrates how the organic semiconductor electrolyte layer is formed on the capacitor element 
1. A preheating block 10 is shown on the left side of the Figure. This block has a heater embedded in its 
interior and has a recess 11 which is open to the top of the block. The capacitor element 1 is placed within 
this recess and heated to a predetermined temperature. 
30 An impregnation block 12 is shown on the right side of the Rgure. This block also has a heater 
embedded in its interior and a recess 13 in its top portion. This recess 13 is filled with a mixture 14 of a 
TCNQ complex salt and a lactone additive, and the mixture is heated until it melts. The capacitor element 1 
that has been preheated in the block 10 is transferred into the recess 13 where it is dipped for a 
predetermined period until it is impregnated with the molten mixture of TCNQ complex salt and the lactone 
35 additive. The capacitor element 1 is then lifted above the recess 13 and left to cool, whereupon the molten 
mixture 14 is solidified to form an organic semiconductor electrolyte layer. 

The capacitor element 1 thus provided with the organic semiconductor electrolyte layer is encased in a 
bottomed tubular container 20 as shown in Figure 3. The open end of the container is closed with an 
elastomeric plug 21 and the outer rim is curled to seal the case. The external leads 7 and 8 project 
40 outwardly through holes in the elastomeric plug 21 so as to provide electrical connections between the 
capacitor element 1 and an external circuit. 

The advantages of the present invention will become more apparent from the following working 
examples and comparative examples. 

^ Comparative Example 1 

A 99.99% pure aluminum anode strip (2.2 mm w xl0 mm L x80 microns 1 ") was provided as a capacitor 
element The anode was etched electrolytically with ax. current to increase its surface area, and a dielectric 
oxide film having a breakdown voltage of 9 volts was formed on the etched surface by anodization. A 
99.94% pure aluminum strip of substantially the same size as that of the anode was provided as a collector 

50 electrode. An aluminum tab was cold-welded to one peripheral edge of each strip approximately at its 
center. The two strips were then rolled about themselves with a separator paper blended with Manila hemp 
inserted between each strip. This capacitor element configuration was used in both Comparative Example 
2 and the following working examples. 

The thus-prepared cylindrical capacitor element was impregnated with a liquid electrolyte made of 

& ethylene glycol and ammonium adipate. The impregnated element was encased in an aluminum container 
which was closed with a rubber stopper and sealed by curling the outer rim. The completed capacitor had 
voltage and capacitance ratings of 6.3 V and 10 microfarads, and the body had a diameter of 3 mm and a 
length of 5 mm. The capacitor was aged by applying the rated voltage for 15 minutes, and the resulting 
electrical characteristics were specified in the table. 

60 

Comparative Example 2 

The same capacitor element as that of the comparative Example 1 was preliminarily heated at 250°C. A 
composition solely made of an isopropyl - isoquinolinium TCNQ complex salt was placed in an 
impregnation block and heated to 240°C, at which temperature the composition turned to liquid. 
55 The preheated capacitor element was quickly transferred to a position above the impregnation block, 
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and all parts except for the top face from which the tabs projected were dipped in the molten TCNQ 
complex salt for 10 seconds. Then, the element was recovered from the melt and left to cool so as to 
solidify the isopropyl - isoqufnolinium TCNQ complex salt. 

The thus-treated capacitor element was encased in an aluminum container of the same size as used in 
5 Comparative Example 1, and sealed to provide a complete solid-electrolyte capacitor. The capacitor was 
aged by applying the rated voltage for one hour. The resulting electrical characteristics were specified in 
the table. 

Examples 1 to 13 

io Thirteen samples of the same capacitor elements as that of the comparative examples were 
preliminarily heated at 300°C in the preheating blocks 10, respectively except that one part by weight of the 
isopropyl - isoquinolinium TCNQ complex salt was mixed with lactone compounds listed in the following 
table. The mixtures were heated and melted to the so-called glass transition points in the impregnation 
blocks 12, respectively. The preheated capacitor elements were dipped in the molten mixtures for 10 

16 seconds, recovered therefrom, left to cool, respectively. Further, the same encasing, subsequent 
processing and aging as those of the comparative examples were performed. The characteristics of the 
completed capacitors of the examples 1 to 13 are specified in the following table. 

20 
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As the above" data shows, the electrolytic capacitor prepared in Comparative Example 1 had a high 
electrostatic capacity since the liquid electrolyte had intimate contact with the dielectric oxide film and 
penetrated to the deepest microscopic pits formed in the etched surface of the anode. However, the 
electrolyte had a high specific resistance (200 to 300 ohm-cm) in comparison with that of the isopropyl - 

5 isoquinolinium TCNQ complex salt (less than several tens of ohm-cm), and this caused a high dielectric 
loss and equivalent series resistance. 

The solid-electrolyte capacitor prepared in Comparative Example 2 had a low dielectric loss and 
equivalent series resistance since the specific resistance of the TCNQ complex salt was lower than that of 
the electrolyte used in Comparative Example 1. However, the sample of Comparative Example 2 had a very 

io low electrostatic capacitance. AJthough the exact reason for this phenomenon is not completely clear, a 
probable explanation would be as follows: the molten TCNQ complex salt penetrated to the deepest etch 
pits in the anode surface, but during the subsequent cooling, the complex salt formed acicular crystals 
which made point contact with the dielectric oxide film within the pits. 

On the other hand, the solid-electrolyte capacitor samples prepared in Examples 1 to 13 in accordance 

is with the present invention had sufficiently large amounts of the TCNQ complex salt deposited on the 
dielectric oxide film to exhibit high static capacitance values. This is probably because the solid electrolyte 
made of a mixture of isopropyl - isoquinolinium TCNQ complex salt and lactone compound prevented the 
crystallization of the complex salt during the cooling that followed the impregnation of the anode surface 
with the molten mixture, and the amorphous complex salt left in the etched pits ensured adequate contact 

20 with the dielectric oxide film on the anode surface. 

In order to verify this assumption, a differential thermal analysis (DTA) was conducted with two 
samples of molten and cooled electrolyte, and the results are shown in Figure 4, wherein curve (A) refers to 
the solidified sample of electrolyte used in Comparative Example 2 which was made of only isopropyl - 
isoquinolinium TCNQ complex salt, and curve (B) refers to the solidified sample of the electrolyte used in 

2s Example 1 that was made of a mixture of the isopropyl - isoquinolinium TCNQ complex salt and y - 
butyrolactone. The curve (B) has not an endothermic peak, suggesting the amorphous state of the mixture 
used in Example 1. Both curves had an exothermic peak at about 250°C indicating the decomposition point 
of the TCNQ complex salt Although not shown here, data for mixtures with other lactone compounds was 
similar to curve (B). 

30 According to the present invention, a mixture of isopropyl-isoquinolinium TCNQ complex salt and a 
lactone compound has a glass transition point and melts at a temperature lower than the proper melting 
point of the TCNQ complex salt. This is effective in prolonging the time before pyrolysis of the mixture 
occurs and facilitates the impregnation of the electrolyte in the anode surface. Stated more specifically, 
pure isopropyl - isoquinolinium TCNQ complex salt has a melting point of 240°C or more, at which 

35 temperature the complex salt decomposes within about 2 minutes. Since the impregnation and cooling of 
the electrolyte must be completed within this short period, using the pure salt, no more than two cycles of 
such steps can be repeated and the remaining TCNQ complex salt has to be discarded because it has 
already lost its conductivity. According to the present invention, however, the mixture of isopropyl - 
isoquinolinium TCNQ complex salt with a lactone compound melts at a temperature below 200°C with the 

no number of degrees below 200°C at which the glass transition point varies with the type and mixing ratio of 
the specific lactone compound. Since the time before pyrolysis is extended, many cycles of the 
impregnation and cooling steps can be repeated without wasting the expensive TCNQ complex salt. 

The capacitor elements used in Examples 1 to 13 were prepared by rolling an aluminum foil anode 
having a dielectric oxide film on the etched surface, and a collector electrode with a separator paper 

45 inserted between the two strips. The capacitor element that can be used in the present invention is not 
limited to this particular configuration, and the anode may be made of tantalum, other film-forming metals, 
or alloys of such metals. The anode may be made by pressing a compact of a film-forming metal powder 
and sintering to fuse the particles to form a porous structure. Also available are foil-type capacitors wherein 
no separator paper is present between the anode and collector electrode. Also, the collector electrode can 

so be made of a non-aluminum metal or a heat-resistant electroconductive resin film. 

A metal case was used in the above Examples, but it should be understood that the capacitor element 
may be encased in a resin container, a dipped or molded plastic container, or encapsulated in a laminated 
film. 

Lactone compounds other than those specifically used in the Examples are also effective in achieving 
55 the objects of the present invention. In the Examples, lactone compounds were used singly, but similar 
results will be obtained by combining two or more lactone compounds. 

As will be understood from the foregoing, the present invention enables the fabrication of an organic 
semiconductor electrolyte capacitor having a high impregnation ratio of electrolyte or high static capacity 
per unit volume, therefore permitting the optimum in miniaturization. Since only one impregnation cycle is 
eo sufficient to provide the necessary characteristics for the capacitor, the process of electrolyte layer 
formation is simplified. The possibility of using lower temperatures for melting the TCNQ complex salt 
ensures a sufficiently long lead time to pyrolysis of the electrolyte not only to simplify the impregnation 
process but also to its maximize efficiency. As a further advantage, the TCNQ complex salt is in uniform 
contact with the dielectric oxide film so that an organic semiconductor electrolyte capacitor having a low 
65 loss and low impedance characteristics at high frequency can be produced by a simple apparatus. The 
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orocess of the present invention also achieves a maximum reduction in the waste of the expensive TCNQ 
corn^x salt FoXse reasons, the present invention enables the fabrication of an organic sem.conductor 
electrolyte capacitor with improved characteristics with utmost efficiency. 

5 Claims 

1. An organic semiconductor electrolyte capacitor comprising: a dielectric oxide film formed I on a 
surface of a metal anode, and an electrolyte layer formed on sa.d dielectric ox.de film, sa.d an .organic 
semiconductor electrolyte layer being formed by melting and solidifying a 1:0,3 and 1:10 mixture of 

w isopropyl - isoquinolinium tetracyanoquinodimethane complex salt and lactone compound. 

2. An organic semiconductor electrolyte capacitor according to claim 1, wherein sa.d lactone 
compound is at least one member of the group consisting of y - butyrolactone. y - va J er0 '^ 0 "^ " 
valerolactone. e - caprolactone, y - heptalactone, 6 - nonalactone, DL - pantyllactone, y .hexalactone, 
v - octalactone, y - nonalactone, y - decalactone, y - undecalactone and y - dodecalactone. 

« 3. A process for producing an organic semiconductor electrolyte capacitor compr.s.ng: a dielectric 
oxide film formed on a surface of a metal anode, and an organic semiconductor electrolyte layer formed on 
said oxide film, said organic semiconductor electrolyte layer being formed by m.xrng a .acione co-npour.u 
in proportion 0,3:1 to 10:1 with a isopropyl - isoquinolinium tetracyanoquinodimethane ^complex salt, 
meK saS mixture by heating to a temperature lower than the melting point or the,™ J dacomposmon 

20 point of the isopropyl - isoquinolinium tetracyanoquinodimethane complex salt d pplng a capacrtor 
element in the molten mixture, recovering said element from the melt, and cooling said element so as to 

solidify a film of said molten mixture. - . 

4 The process according to claim 3, wherein said lactone compound is at least one member of the 
group consisting of y - butyrolactone, y - valerolactone, 6 - valerolactone, e - caprolactone, y - 

25 heptalactone, 6 - nonalactone, DL - pantoyllactone.y - hexalactone, y - octalactone, y - nonalactone, y - 
decalactone, y - undecalactone and y - dodecalactone. 
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Patentanspruche 

einel 1^ 3-bS 1:10-Gemischs eines Isopropyl - Isochinoliniumtetracyanoch.nod.methan - Komplex- 

Sa,Z ? &£2^S^^ nach Anspruch 1. dadurch > ^kenn^hnet da* die 

l^ctLeJiSng aus mindestens einem Bestandtei. der Gruppe y- Bu^roac rton v - ^ JjSS' * 
u.i« m i»At n n c ranrolacton v • Heotalacton, 8 - Nonalacton, DL - Pantyllacton, y - Hexaiacron, y 
S 5 n ; S . Nonalacton Y - oSon, y - Undecalacton und y - Dodecalacton besteht. 

3 ?erfahren zu -Slung eme?organischen Halbleiterelektrolytkondensators, umfassend emen auf 
«in Joberflache einer Slanode gebildeten dielektrischen Oxidfilm und eine auf dem Ox.dfilm geb.ldete 
oZ^ ^^^o^^ die durch Vermischen einer Lactonverbindung im Verbatims 0,3 1 
of 1 1? mit einem Isopropyl - Isochinoliniumtetracyanochinodimethan - Komp «^ £«gMtoH ist 
durch ^ AuSchmelzen des Gemischs unter Erwarmen auf eine Temperatur unterhalb des Schmelzpunkte 
od^ vvarmeze^e^^^ des Isopropyl - Isochinoliniumtetracyanochinodimethan - Komplexsalzes 

Elements aus der Schmelze und AbkOhlen des Elements zur Verfestigung e.nes Films des aufge- 

^"T'SrSSAnspruch 3, dadurch gekennzeichnet, daB a.s Lactonverbindung ^"destens ein 
RoctanrftPil aus der Gruope v - Butyrolacton, y - Valerolacton, 5 - Valerolacton, e - Caprolacton, y • 

Y - Hexa.acton, y - Octa.acton, y - Nonalacton, y - 
Decalacton, y - Undecalacton und y - Dodecalacton verwendet wird. 



Revendlcatfons 

55 1. Capaciteur a electrolyte semi-conducteur organique comprenant: une pellicule d'oxyde dielectrique 
formee sur une surface d'une anode metallique, et une couche d'electrolyte formee sur lad.te pellicula 
d'oxyde dielectrique, ladite couche d'electrolyte semi-conducteur organique etant formee en faisantfondre 
et en solidifiant un melange de 1 :0,3 a 1 :10 de sel complexe d'isopropyl - isoquinolinium tetracyanoquino- 
dimethane et de compost de lactone. 

60 2 Capaciteur a Electrolyte semi-conducteur organique selon la revendication 1, ou led.t compos* de 
lactone est au moins un membre du groupe constitue par v - butyrolactone, y - valerolactone, 6 - 
valerolactone, e - caprolactone, y - heptalactone, 5 - nonalactone, DL - pantyllactone, y - hexalactone, 
y - octalactone, y - nonalactone, y - decalactone, y - undecalactone et y - dodecalactone. 

3 Procede pour produire un capaciteur a electrolyte semi-conducteur organique comprenant: une 

ss pellicule d'oxyde dielectrique formee a la surface d'une anode metallique, et une couche d'electrolyte 
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semi-conducteur organique tormee sur ladite pelllcule d'oxyde, ladite couche d'electrolyte semi- 
conducteur organique etant formee en melangeant un compose de lactone dans une proportion de 0,3:1 a 
10:1 avec un sel complexe d'isopropyl - isoquinolinium tetracyanoquinodimethane, en faisant fondre iedit 
melange en chauffant a une temperature inferieure au point de fusion ou au point de decomposition 

5 thermique du sel complexe d'isopropyl - isoquinolinium tetracyanoquinodimethane, en plongeant un 
element capaciteur dans le melange fondu, en recueillant Iedit element a partir de la masse fondu, et en 
refroidissant Iedit element de maniere a solidifier une pellicule dudit melange fondu. 

4. Precede selon la revendication 3, dans leque! Iedit compose de lactone est au moins un membra du 
groupe constitue* par y - butyrolactone, y - valerolactone, 5 - valerolactone, e - caprolactone, y - 

w heptalactone, 5 - nonalactone, DL - pentoyllactone, y - hexalactone, y - octalactone, y - nonalactone, y - 
decalactone, y - undecalactone et y - dodecalactone. 
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